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Abstract 
Matsuoka neuronal oscillator is proposed to control the traffic signals of  an isolated four-phase  signalized intersection. The 
oscillator is a model of central pattern generator (CPG) and has seen  various applications in humanoid robots. Matsuoka 
oscillator was chosen for the traffic signal control  because of its stable and predictable rhythmic outputs that exploit 
autonomously the dynamics of the road system. In this paper,  the dynamics of Matsuoka oscillator  was described in a set of 
first-order differential equations and simluated  in an agent-based modelling environment.  This novel signal control 
algorithm was validated in a Application Programming Interface (API) function by AIMSUN (Advanced Interactive 
Microscopic Simulator for Urban and Non-Urban Networks). The results were compared to the performance of the existing 
traffic system  and have shown the potential capability of the proposed algorithm in  reductions of vehicle delay time and 
queues. 
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1. Introduction  
The traffic signal system is one of important transportation facilities in operation today at an urban 
area. A traffic signal control at its core strives to provide both safety and efficiency. The most common 
type of control strategies are fixed time and actual control. In recent year, a new control tactic named 
adaptive signal control has emerged. It adjusts signal operations in response to fluctuating traffic demand 
in real time according to certain criteria. Various algorithms and polices were developed such as SCOOT, 
SCATS and new vehicle detection technologies were employed to meet the need [1] [2] [3]. Most of these 
adaptive systems examine a performance measured based such as delay or queue function. This function 
estimates the net benefits in vehicle seconds of delay between the gain to the extra vehicles that will be 
allowed to cross the intersection during an extension interval and the loss to the queuing vehicles on the 
cross street that results from the extension.  Signal timings are adjusted in small time intervals 
accordingly. In this research, a new method using Matsuoka Oscillator is applied for the first time to 
traffic signal controls in order to balance the dynamic traffic conditions and also attempt to achieve an 
optimal operational performance at an intersection. 
Matsuoka Oscillator is a model of central pattern generator (CPG) which has been applied to some 
robots that perform various rhythmic movements. CPG can be described as the rhythmic movements such 
as locomotion of animals known to be generated by certain neural oscillators. CPG can be also 
mathematically modeled by an artificial neural oscillator [4] and applied to biologically inspired 
locomotion control systems [5] [6]. This study implements multiple Matsuoka Oscillators in a four-phase 
signal control at an intersection to test how the unbalanced traffic demand affects intersection 
performance. The technique is named as Matsuoka Oscillator Adaptive Signal Control (MOASC). 
The simulation of the developed MOASC was built in an agent-based modelling environment. 
Computer simulation is a valuable tool to evaluate new operational strategies and algorithms before they 
are implemented in the field. However, there has become challenged as most of the innovative ideas, such 
as real-time adaptive signal control, geographic position systems (GPS) based route guidance are still not 
available in popular simulation models. Consequently, they could only be simulated by means of an 
Application Programming Interface (API) module provided by simulators such as AIMSUN (Advanced 
Interactive Microscopic Simulator for Urban and Non-Urban Networks) [7]. 
An API serves as a data exchange between user-defined applications and the simulation environment. 
It has demonstrated by some researchers to enhance simulation capabilities by overriding the simulator 
default models and getting access to external algorithms [8] [9] [10]. This research presents a user-defined 
API module for implementing the developed MOASC algorithm in AIMSUN and evaluating its enhanced 
capabilities via microscopic simulation. Both Matlab and the software AIMSUN were employed to create 
a suitable interactive environment for signal operations. 
2. Apply Matsuoka Oscillators for a Four-Phase Isolated Intersection 
2.1. Formulation and Structure of Matsuoka Oscillator 
Matsuoka Oscillator consists of two neurons. Each neuron receives an excitatory tonic input, external 
inhibitory input, and a mutual inhibition. The two neurons affect each other by variable parameters shown 
in equations (1) and (2). There are two outputs generated by the oscillator. The structure and equations of 
Matsuoka Oscillator can be represented by (Figure 1) [4]. 
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which i, j =1 or 2 for neuron 1 or 2, xi is the state of neuron i, si the tonic input, yi the output firing 
rate, Tri the rise time constant, Tai the adaptation time constant, aij the weight of inhibitory connection 
from neuron j to neuron i, fi represents the degree of fatigue or adaptation in the neuron i, bi the 
adaptation firing rate,  qi an exponent for that the adaptation effect is in proportion to a power of the 
output firing rate, and g(x)=max(x,0) is a threshold function. Matsuoka Oscillator model can be described 
by some nonlinear equations. A Graphic User Interface (GUI) for analyzing the behaviors of Matsuoka 
Oscillator in Matlab was developed by Bouhet et al [11]. This research will apply the GUI to specify 
parameter values, generate the outputs, visualize the characteristic values of the outputs, and visualize the 
influence of each parameter on the output. 
 
 
Figure 1 A Mastuoka oscillator of two neurons [4] 
2.2. Four-Phase Intersection Traffic Signal Control 
The isolated intersection with four phases operates as a sequence cycle as shown in Figure 2. Phase 1 
is for vehicles turn right from south (north), Phase 2 for vehicles go straight or turn left form south 
(north), Phase 3 for vehicles turn right from west (east) and Phase 4 for vehicles go straight or turn left 
from west (east). Some general assumptions of the intersection include speed, length of vehicles, etc. 
2.3. Methodology for implementing two Matsuoka Oscillators for a four-phase intersection 
The main purpose of this methodology is to predict how much green time on next phase depends on 
the demand of traffic in order to reduce the delay time and density of the traffic. In this experiment, two 
Matsuoka Oscillators are implemented into an isolated intersection with four phases, as shown in Figure 
2. The first Matsuoka Oscillator is designed for controlling the green time on phase 2 and phase 4. 
Therefore, the second Matsuoka Oscillator controls the right turn green signals which are phase 1 and 
phase 3. The input 1 of each Matsuoka Oscillator is the number of vehicles waiting on next phase which 
compares with the opposite direction input 2 and output 1 is the green time on next phase. 
Matsuoka Oscillator 1 is implemented when the current phase is phase 1. The input 1 is the number of 
vehicles waits on phase 2 (detector 1 and 5) and input 2 is the number of vehicles waits on phase 4 
(detector 3 and 7). The output is the green time on the next phase which is phase 2.  
When the current phase is phase 2, the Matsuoka Oscillator 1 is replaced by Matsuoka Oscillator 2. 
The input 1 of Matsuoka Oscillator 2 is the number of vehicles on phase 3 (detector 4 and 8) and input 2 
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is the number of vehicles on phase 1 (detector 2 and 6). The output will be the green time on phase 3. The 
other two phases work in the same procedure.  
 
 
 
 
Figure 2(a)  Matsuoka Oscillator 1 implemented for Phase 1 
 
 
Figure 2(b)  Matsuoka Oscillator 2 implemented for Phase 2 
 
 
 Figure 2(c) Matsuoka Oscillator 1 implemented for Phase 3
 
 
Figure 2(d) Matsuoka Oscillator 2 implemented for Phase 4 
 
Figure 2 Implementation Strategies of Matsuoka Oscillator at a four phase intersection 
 
3. Development of an API to Simulate Matsuoka Oscillator Adaptive Signal System (MOASC) 
3.1.  API Development in AIMSUN Simulation 
AIMSUN is a microscopic and stochastic agent –based simulation, selected for this research. The 
AIMSUN has an API function called GETRAM Extension module that can be used to implement 
customer-tailored applications. The GETRAM Extension module enables the proposed algorithm to 
access internal traffic data of AIMSUN in run time. The algorithm may be coded in C/C++, as a DLL 
library, or in Python scripting language. Traffic detected counts, occupancy, presence, speed and density 
can also be retrieved in the AIMSU, which is essential to real-time signal controls. A dynamical link 
between the algorithm and the simulator is enabled through API. By means of the link, the algorithm gets 
access to internal traffic data of the transportation system such as actual traffic demand, traffic queue and 
vehicular speed. The algorithm then optimizes a signal control plan that is subsequently fed to and 
implemented in the transportation system to control the signal operations in running time 
3.2. Simulation Evaluation of MOSAC  
Figure 3 describes the structure of two Matsuoka Oscillators connect with AIMSUN simulation 
environment. The process of the system is a closed loop control system. When AIMSUN runs the 
simulation on phase 1 or phase 3, the control system will use Matsuoka Oscillator 1. The input 1 and input 
2 will be the number of vehicles waiting on phase 2 and 4 then these two inputs is transferred into the 
suitable input range for Matsuoka Oscillator 1. The output is going back to the AINSUM simulation 
environment which represents the green time on next phase. If the AIMSUM runs the simulation on phase 
2 or phase 4, Matsuoka Oscillator 2 will be implemented. The input 1 and input 2 are represented by the 
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number of vehicles waiting on phase 1 and 3 which are transferred into the certain inputs for Matsuoka 
Oscillator 2. The output represents the green time in the AIMSUN environment on phase 1 and 3. 
 
 
Figure 3 Simulation Structure of the four phases intersection with two Matsuoka Oscillators 
 
3.3. The relationship between the input and output in simulation with Matsuoka Oscillator 
According to the characteristic of Matsuoka Oscillators working in the traffic control system, the input 
is proportional to the output. Each Matsuoka Oscillator has two inputs and two outputs. In this section, 
these inputs and outputs have been recorded by using AIMSUN Environment simulation during the 
morning peak hour (8 to 9am). 
 
Table 1 Simulation Inputs and Outputs with Matsuoka Oscillator 
 
Phase   Vehicles Vehicles Green Time(s) 
 Phase 1 Input 1 Input 2 Output 1 Output 2 
 1 Total Number 260 159 987.1 885.8 
Average 8.39 5.13 31.84 28.57 
2 Total Number 429 222 524.9 431.6 
Average 13.84 7.16 16.6 13.92 
3 Total Number 255 193 963.8 907.7 
Average 8.22 6.23 31.09 29.29 
4 Total Number 418 255 499.2 438.5 
Average 13.48 8.23 16.1 14.15 
 
 
From Table 1 we can find that the relationship between inputs and outputs is proportional. For 
example in phase 1, the total number of vehicles in input 1 is 260 which is larger than input 2 (159), then 
the total green time (output 2) for the next phase is 987.1 seconds which is larger than output 2 (885.8). In 
this case, the phase 1 situation can be describe as the average 8.39 vehicles waiting on the next phase and 
the system gives 31.84 seconds green time to next phase in each cycle time during the period 8:00am to 
9:00am. In the phase 2, the average 13.84 vehicles waiting to turn right that are larger than the opposite 
phase average 7.16 vehicles. The control system gives 16.6 seconds green time in each cycle for vehicle 
turning right. The traffic system obtain extra 1.6 seconds green signal which is compared with fixed time 
control 15 seconds in phase 2 in order to let more vehicles turning right. In addition, Figure 4 also shows 
the biggest difference between input 1 and input 2 is in the 13th cycle, the input 1 is 13 and input 2 is 1. 
The output 1 gets the highest value which is 38.7seconds and the output 2 is 27 seconds. 
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Figure 4 Relationship of input 1 and input 2 by using Matsuoka Oscillator 1 in phase 1 
 
   
4. Results Analysis  
Table 2 shows the performance of the existing fixed time control system in New Zealand and 
Matsuoka Oscillator control system (MOASC) with three different assumptions which are 25%, 15%, and 
10% vehicles turn right. The percentage of improvement of total travel time decreases from 8.44% to 
2.03% and 2.20% when 15% and 10% vehicles turn right. The improvement of density also drops down 
from 8.11% to 1.90% and 2.10%. The traffic control system with MOASC has better improvement 
percentage of delay time (10.63%), flow (0.86%), and speed (5.62%) for 25% vehicles turn right that is 
compared with other two cases.  
 
Table 2 Comparisons of the performance of fixed time control and MOASC 
 
25% turn right Total Travel 
Time (hrs) 
Density 
(veh/km) 
Delay (sec/km) Flow (veh/h) Speed (km/hr) 
Fixed 354.81 37.13 541.30 2899 13.18 
MOASC 327.18 34.35 489.28 2924 13.29 
Improvement 8.44% 8.11% 10.63% 0.86% 5.62% 
15% turn right      
Fixed 492.18 51.47 783.70 2846 9.53 
MOASC 482.38 50.5 761.58 2865 9.89 
Improvement 2.03% 1.90% 2.9% 0.7% 2.9% 
10% turn right      
Fixed 578.49 60.43 938.90 2813 7.64 
MOASC 566.21 59.19 916.23 2815 7.87 
Improvement 2.2% 2.10 2.4% 0.07% 3.0% 
 
5. Conclusions and Further Research 
This research has applied the characteristic of Matsuoka Oscillator to control the traffic signals 
depending on the dynamic traffic demand in each phase. These Matsuoka Oscillators were calibrated 
based on the 30 and 15 seconds fixed green time and implemented into the two-phase and four-phase 
isolated intersections. The traffic control system with Matsuoka Oscillators was simulated through an 
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application programming interface (API) in AIMSUN software with unbalanced traffic demand scenarios 
as summarized below:  
 The Matsuoka Oscillators were designed and calibrated based on fixed green signals. The 
relationship of inputs and outputs of Matsuoka Oscillators were analyzed and connected with the 
parameters in the traffic environment such as numbers of vehicles and the duration of green time.  
 The algorithm Matsuoka Oscillator (MOASC) was coded in C++ language and dynamically 
linked to the AIMSUN. Two independent Matsuoka Oscillators controlling two signals 
implemented in a four-phase intersection. Two external inputs of Matsuoka Oscillator are the 
number of vehicles waiting on the queue in next phase and the number vehicles passing through 
the intersection in the current phase. The output represents green time duration for the next phase. 
 In the unbalanced traffic demand scenarios, Matsuoka model reduces the delay time for the road 
with higher traffic demand and increases the delay time for the road with lower traffic demand in 
order to balance the traffic condition. Therefore, the Matsuoka model improves the entire traffic 
performance of delay time and total travel time only when the difference of traffic demand is 
going high.   
Suggestions were also drawn based on the promising result of MOASC to continue exploring the 
application of Matsuoka Oscillator in the adaptive signal control in an urban area. Density or other 
possible traffic variables can substitute into the inputs of oscillator in order to make the adaptive signal 
system more effective. It has potential to simplify the design of MOASC and m also reduce the delay or 
total travel time of the entire traffic system rather than just balance the unbalance traffic conditions. This 
research also demonstrates the success of API development and simulation for a new signal control 
method. 
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